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METHOD AND DEVICE FOR GENERATING FEEDBACK 
FIELD OF THE INVENTION 

The present invention relates to electronic 
devices. In particular, the present invention relates 
5 to a novel and improved method, a dynamic user inter- 
face and an electronic device for generating user de- 
tectable multi-functional feedback. 

BACKGROUND OF THE INVENTION 

10 In information technology, the user interface 

(UI) is everything designed into an information device 
with which a human being may interact, including dis- 
play screen, keyboard, mouse, light pen, the appear- 
ance of a desktop, illuminated characters, help mes- 

15 sages, and how an application program or a Web site 
invites interaction and responds to it. In early com- 
puters there was very little user interface except for 
a few buttons at an operator's console. The user in- 
terface was largely in the form of punched card input 

2 0 and report output. 

Personal Digital Assistants (PDA) typically 
comprise a large display area in proportion to the 
size of the device. Most PDAs include only a few me- 
chanical buttons in order to provide as large display 

25 area as possible. Therefore, the display area is also 
. used as an input device. The display area is usually 
touch-sensitive so that information can be transferred 
into the device just by touching the display or using 
a special tool, e.g. a special pen. 

30 U.S. Patent 5,241,308 (Paragon Systems) de- 

scribes a touch sensitive panel for generating se- 
lected ones of any of a plurality of different sig- 
nals, each of which is generated by touching a differ- 
ent location on the panel. The apparatus includes also 

35 force sensing means for sensing the magnitudes of the 
forces that are applied to each panel member support 
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by the panel member when the member is touched at a 
selected location. 

Touch- sensitive displays have many advantages 
over conventional information input methods. The dis- 
5 play size can be made bigger when only few mechanical 
buttons are present. Above all, all the needed buttons 
can be generated by program basis in an applicable 
place. There are, however, several problems when a 
touch-sensitive display is used as a primary informa- 

10 tion input device. When a user uses his/her finger to 
touch the display, the problem is that the user does 
not necessarily receive any haptic feedback as to 
whether his/her selection is acceptable or whether the 
selection is made at all. A traditional keyboard al- 

15 ways gives some kind of mechanical response to a press 
of a button. 

The main problem is that there is no solution 
for electronic devices for generating feedback for 
various stimulus signals with a single integrated com- 

20 ponent, the following conditions being fulfilled: 

• Cost-effective solution, and 

• Minimal power consumption. 

U.S. Patent No. 5,245,245 (Motorola) de- 
scribes an electronic device comprising a piezo- 

25 bender. The device is preferably a pager. When a sig- 
nal is received, an electrical drive circuit electri- 
cally coupled to the piezo-bender drives the piezo- 
bender with a drive signal to generate vibratory mo- 
tion in the piezo-bender, and a vibratory alert is 

30 thus provided. The device comprises also tuning means 
slidably coupled to the piezo-bender for mechanically 
tuning the resonance frequency of vibration of the 
piezo-bender by varying the length of the piezo-bender 
that can vibrate. It must be noted that the piezo- 

35 bender is mechanically tuned so the tuning must be 
made by a competent technician. It is also difficult 
to manufacture devices with exactly same (resonance) 
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characteristics because of the mechanical tuning fea- 
ture.. The solution in U.S. Patent No. 5,245,245 is 
also bound to a certain fixed resonance frequency. 
U.S. Patent No. 5,245,245 represents a low-profile and 
5 reliable vibrator for a selective call receiver. How- 
ever, the reference publication does not present any 
connection between user actions and vibratory alert. 
The solution is not applicable for generating feedback 
for various stimulus signals with a single integrated 

10 component. 

Reference publication WO01/54109 (Immersion) 
represents a solution of haptic feedback for touchpads 
and other touch controls. In the publication, a user 
uses a touch- input device for entering control in- 

15 structions. Moreover, at least one actuator is coupled 
to the touch input device and outputs a force to pro- 
vide a haptic sensation to the user contacting the 
touch surface. In other words, the user receives feed- 
back from the input device itself. The actuator is 

20 situated under the touch-sensitive display. The prob- 
lem is that the solution presented in the reference 
publication is not applicable for generating feedback 
for various stimulus signals with a single integrated 
component. 

25 The expression 11 touch-sensitive display 1 ' re- 

fers preferably to such displays that are being used 
in current PDAs. These displays, however, have weak- 
nesses. The display is vulnerable to external impacts. 
The display may also be temperature sensitive, i.e. 

30 the use of a device with a touch-sensitive display may 
be restricted to a certain temperature range. 

SUMMARY OF THE INVENTION 

The present invention describes a method and 
35 an electronic device for generating user detectable 
multi-functional feedback with a single component in 
response to a stimulus signal. In the preferred em- 
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bodiment, the electronic device is a hand-held device 
comprising at least a housing, electronic circuitry 
located in said housing, a display, said housing com- 
prising at least a partially transparent lens, the 
5 transparent lens area covering at least the display. 

The electronic device in the present inven- 
tion comprises one or more resonating vibrating ele- 
ments attached to the housing or on the electronic 
circuitry. In a preferred embodiment, one or more 

10 resonating vibrating elements are attached to an area 
of the lens not covering the display. The lens is not 
necessarily a touch- sensitive display as represented 
in the background of the invention section. Instead, 
the lens may be more like a panel where the lens it- 

15 self is not touch-sensitive. When the resonating ele- 
ment (s) are attached to the lens, the feedback is 
transmitted to the user of the electronic hand-held 
device effectively through the lens. With the resonat- 
ing vibrating elements, the feedback is produced to 

20 the user in response to the stimulus signal. The reso- 
nating vibrating element is preferably a piezo- 
electric bender. 

The touch- sensitive feature is achieved with 
special detecting means . In a preferred embodiment , 

25 the detecting means refer to one or more force sensors 
attached to the lens. In one embodiment, the elec- 
tronic device comprises at least force sensors with 
which the location of a touch on the display can be 
determined . 

30 In the present invention, an electrical drive 

circuit is electrically coupled to the resonating vi- 
brating element (s) for electrically driving the reso- 
nating vibrating element (s) with a drive signal. The 
drive signal is constituted based on the stimulus sig- 

35 nal . The stimulus signal is preferably a user-actuated 
signal, a radio signal received with a radio receiver 
of said electronic device or an electronic device in- 
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duced signal. It is also possible that one or more 
different stimulus signals are detected at the same 
time. When the drive signal is supplied in the reso- 
nating vibrating elements, preferable one or more of 
5 the following feedback signals are generated: a haptic 
feedback signal, a vibratory alert signal, an audio 
signal or a buzzer signal. 

The present invention describes also a dy- 
namic user interface for generating user detectable 

10 multi-functional feedback with a single component in 
response to a stimulus signal in a device, the user 
interface comprising at least a housing and electronic 
circuitry located in the housing. The dynamic user in- 
terface further comprises means for detecting the 

15 stimulus signal, one or more resonating vibrating ele- 
ments attached to the housing or on the electronic 
circuitry, and an electrical drive circuit electri- 
cally coupled to the resonating vibrating element (s) 
for electrically driving the resonating vibrating ele- 

20 ment(s) with a drive signal, the drive signal being 
constituted based on the stimulus signal. 

The present invention has several advantages 
over the prior-art solutions. In the present inven- 
tion, the resonating vibrating element (s) may be used 

25 in several different functions. In the prior-art solu- 
tions, each function requires a dedicated component in 
the implementation. This is a clear advantage. 

The present invention represents a solution 
where the power consumption is low. This is a very im- 

30 portant feature in electronic hand-held devices. In 
the prior-art solutions, each feedback signal (a hap- 
tic feedback signal, a vibratory alert signal, an 
audio signal or a buzzer signal) is generated with a 
dedicated component. In the present invention, all the 

35 afore-mentioned feedback signals are generated with a 
single component, and therefore, there is only one 
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power- consuming component. This enables easier minimi- 
sation of the power consumption. 

The present invention describes also a solu- 
tion where it is not necessary to use conventional 
5 touch-sensitive displays. Electronic hand-held devices 
can be made much more durable because it is not neces- 
sary to use any elastic membranes or touch-sensitive 
displays. Instead, a rigid transparent lens covers the 
actual display device. 

10 The solution represented in the present in- 

vention is simple. Further, the present invention is 
not prone to manufacturing differences because the 
feedback can be adjusted easily. 

The present invention has still further ad- 

15 vantages. Because the solution uses only single compo- 
nent to generate feedback, this means significant 
space saving in the Printed Circuit Board (PCB) . The 
number of components needed on the PCB is thus re- 
duced. The solution represented in the present inven- 

20 tion is also a low-cost solution because of the sav- 
ings in the components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included 
2 5 to provide a further understanding of the invention 
and constitute a part of this specification, illus- 
trate embodiments of the invention and together with 
the description help to explain the principles of the 
invention. In the drawings: 
30 Fig 1 is a simplified block diagram of ah 

electronic hand-held device, according to the present 
invention, 

Fig 2 is a top plan view of an electronic 
hand-held device, according to the present invention, 
35 Fig 3 is a graph illustrating the resonance 

frequency, according to the present invention, and 
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Fig 4 is a side view of a parallel type mass- 
loaded piezo-bender , according to the preferred em- 
bodiment of the present invention. 

5 DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to the 
embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings. 

Figure 1 is an electrical block diagram of an 

10 electronic hand-held device, e.g. a Personal Digital 
Assistant (PDA) or a mobile phone. Figure 1 does not 
comprise all the elements required in the electronic 
hand-held device but only the relevant elements re- 
quired in the present invention. The electronic hand- 

15 held device comprises a central processing unit CPU 
for controlling the electronic hand-held device. A 
memory MEM is associated with the CPU to store rele- 
vant software applications and other relevant informa- 
tion. The electronic hand-held device comprises at 

20 least a partially transparent lens TP, the transparent 
lens area covering at least the display. Also the term 
touch panel can be used when referring to the lens. 
The actual display DSP is located under the transpar- 
ent lens TP area. 

25 The lens TP is also used as a primary input 

device. User actions are detected with means IM for 
detecting stimulus signals. Means IM for detecting in 
one embodiment refers preferably to force sensors PS 
attached directly or indirectly to the lens TP. With 

30 three force sensors any location (a touch) on the lens 
TP area can be recognised and a relevant procedure 
started. Means IM for detecting stimulus signals to- 
gether with the lens TP and the display DSP may refer 
to a conventional touch-sensitive display. In general , 

35 means IM for detecting stimulus signals may refer to 
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several different physical or software components with 
which the stimulus signal (s) can be detected. 

Figure 1 also comprises a drive circuit DC 
and vibrating element (s) VIB. The drive circuit (DC) 
5 is electrically coupled to said resonating vibrating 
- element (s) (VIB) and electrically drives the resonat- 
ing vibrating element (s) (VIB) with a drive signal, 
the drive signal being constituted based on the stimu-, 
lus signal. A vibrating element is preferably a piezo- 

10 electric element attached directly to the lens TP. The 
CPU controls the drive circuit DC which itself sup- 
plies a drive signal to the vibrating element (s) VIB. 
The piezo-electric element is attached to the lens TP, 
e.g. by gluing, welding, screwing etc. 

15 The CPU comprises means DM for determining 

the source of the stimulus signal, means TM for deter- 
mining the resonance frequency by producing a bursted 
frequency sweep, means LM for detecting the vibration 
level with said force sensors PS, and means OM for 

20 feeding the obtained frequency to the resonating vi- 
brating element (s) VIB. The above mentioned means are 
preferably implemented with the CPU and/or relevant 
software application (s) . 

The drive circuit DC in one embodiment com- 

25 prises several components. It can comprise, e.g. an 
analog to digital converter (A/D) , a digital signal 
processor, a digital to analog converter (D/A) and. an 
amplifier. When, e.g. a radio signal is received with 
the radio receiver RF, the radio signal is input to a 

30 digital signal processor. The digital signal processor 
processes the radio signal and inputs the signal to 
the D/A-converter. The analog signal is then amplified 
with the amplifier and finally the amplified signal is 
input to the piezo-bender . Because the piezo-bender is 

35 attached to the lens TP, the whole system acts like an 
audio speaker and is able to produce an audio signal. 
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In one embodiment of Figure 1, the vibrating 
element, e.g. a piezo-bender, is used as means IM -for 
detecting the user stimulus signal. Therefore, both 
detecting the user stimulus signal and generating a 
5 feedback signal is produced by an integrated compo- 
nent . 

In one embodiment, the piezo-bender is also 
used in measuring acceleration. Preferably there is an 
external mass attached to the piezo-bender. When a 

10 hand-held device comprising a mass attached piezo- 
bender is moved along the z-axis, the z-axis being es- 
sentially perpendicular to the x/y-plane of the dis- 
play of the hand-held device, the piezo-bender meas- 
ures force changes (acceleration) resulting from the 

15 inertia. Several functions can be linked to the meas- 
urement. One example is that the zooming factor of the 
material on the display of the hand-held device de- 
pends on the measured, acceleration information. The 
zooming example is described in more detail in the 

20 patent application WO0127735 (Myorigo) . 

If the electronic hand-held device is a mo- 
bile phone and/or a radio, the device comprises also a 
radio receiver RF part for sending and receiving radio 
frequency signals. 

25 Figure 2 is a top plan view of an electronic 

hand-held device HD . The device is preferable a Per- 
sonal Digital Assistant (PDA) or a mobile phone. Fig- 
ure 2 is a simplified example of an electronic hand- 
held device so the device may comprise also other fea- 

30 tures or functional buttons. The electronic hand-held 
HD device comprises a housing HS . The housing HS com- 
prises at least a partially transparent lens TP cover- 
ing the actual display DSP. 

In a preferred embodiment, the lens/touch 

35 panel TP itself is not touch-sensitive. The force sen- 
sors PS are directly or indirectly attached to the 
lens TP. In Figure 2 there are three force sensors PS 
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attached to the lens TP. The force sensors PS are in a 
preferred embodiment attached to the housing HS as in 
a triangular form. The force sensors PS can be at- 
tached in any other appropriate way. 
5 With three or more force sensors PS it is 

possible to accurately calculate and determine a place 
where the lens TP is touched. With the above-mentioned 
arrangement, the lens TP itself does not have to con- 
tain any touch- sensitive membrane or any other touch- 

10 sensitive features. Instead, a touch is detected with 
the force sensors PS. The force sensors can sense a 
user input also outside the transparent lens area. 
Therefore, certain areas of the housing HS or non- 
transparent areas of the lens TP can also be used as a 

15 part of the user interface. 

Figure 2 comprises also a resonating vibrat- 
ing element VIB . The resonating vibrating element VIB 
is attached to an area of the lens TP not covering the 
display DSP. The lens TP is preferably impervious out- 

20 side the display DSP area. The vibrating element VIB 
is preferably a piezo-electric element and is of uni- 
morph, bimorph or multilayer structure. The multilayer 
structure is the preferred solution because of the low 
input voltage required. The piezo-bender is preferably 

25 formed of three parts: an upper part, a lower part and 
a metal element between those parts. The metal element 
significantly strengthens the overall structure. The 
drive circuit DC of Figure 1 applies the desired drive 
signal to the resonating vibrating element VIB, thus 

30 causing the vibrating element VIB to vibrate/resonate 
at a certain frequency. 

In one embodiment of Figure 2, the resonating 
vibrating elements are used to provide multiple feed- 
back signals. The resonating vibrating element is 

35 preferably a piezo-bender of unimorph, bimorph or mul- 
tilayer structure. The stimulus signal can originate 
from different sources. The stimulus signal can be a 
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user-actuated signal, e.g. a touch on the lens. It can 
also be a radio frequency signal received with the ra- 
dio receiver of the electronic device. This is the 
case when the electronic device is, e.g. a mobile 
5 phone. Alternatively, the stimulus signal can be an 
electronic device induced signal, e.g. operating sys- 
tem originated signal. Therefore, each stimulus signal 
may cause a different feedback signal. 

When the piezo-bender is used to response to, 

10 e.g. a touch on the lens, a pulsed or continuous hap- 
tic feedback signal occurs. The haptic feedback signal 
is typically a short signal, e.g. 200-300 Hz of fre- 
quency and, e.g. 5-100 ms of duration, or a continuous 
signal. This signal is typically a plain or modulated 

15 resonance frequency of the piezo-bender. However, the 
feedback signal does not have to be restricted only to 
the haptic feedback. With a piezo-bender, practically 
any required frequency bandwidth can be produced. The 
feedback signal can additionally be a buzzer signal, a 

20 vibratory alert signal or an audio signal. This means 
that a piezo-bender attached to the lens of the elec- 
tronic hand-held device can act as a speaker. Produc- 
ing of an audio signal may require that the audio 
bandwidth is flattened by digital signal processing in 

25 order to reduce the effect of the cantilever resonance 
frequencies. Certain criteria must be satisfied when 
generating audio signals. Especially in the buzzer 
-feature, the sound pressure level (in Pascals) has to 
be adequate. The frequency band has to be broad 

30 enough. Also the harmonic multifold frequencies of the 
resonance frequency can be made use of when generating 
the feedback signal. 

A conventional electronic device comprises 
different components for generating a haptic feedback 

35 signal, a buzzer signal, a vibratory alert signal or 
an audio signal. A buzzer signal is generated with a 
buzzer, an audio signal is generated, e.g. with a 
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speaker, a vibratory alert signal is generated, e.g. 
with an electromagnetic motor and a haptic feedback 
signal, e.g. with a DC motor, a solenoid, moving mag- 
net actuator etc. All the above-mentioned feedback 
5 signals can be generated with the piezo-element in the 
present invention. This means significant decrement in 
the power consumption compared to the situation, where 
the feedback signals are generated with separate com- 
ponents. 

10 Figure 1 and 2 represents only one embodiment 

of the dynamic user interface described in the present 
invention. The dynamic user interface is not re- 
stricted to any special devices. The dynamic user in- 
terface is able to generate user detectable multi- 

15 functional feedback with a single component in re- 
sponse to a stimulus signal. The stimulus signal can 
be a user actuated signal, a radio signal received 
with a radio receiver or a device induced signal. The 
user interface comprises at least a housing and elec- 

20 tronic circuitry located in the housing. The shape of 
the housing is not restricted. With means for detect- 
ing the stimulus signal a stimulus signal source is 
defined. One or more resonating vibrating elements is 
attached to the housing or on the electronic cir- 

25 cuitry, e.g. a PCB board located in the housing. An 
electrical drive circuit electrically coupled to the 
resonating vibrating element (s) electrically drives 
the resonating vibrating element (s) with a drive sig- 
nal, the drive signal being constituted based on the 

30 stimulus signal. 

The resonating vibrating element is prefera- 
bly a piezo-bender of unimorph, bimorph or multilayer 
structure. It is very crucial to define the type of 
the stimulus signal, because the feedback signal gen- 

35 erated by the piezo-bender solely depends on the 
stimulus signal. The feedback signal is a haptic feed- 
back signal, a vibratory alert signal, an audio signal 
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or a buzzer signal. It is very important to carefully 
define the attachment point of the piezo-bender to the 
housing or to the electronic circuitry. The piezo- 
bender component itself does not produce all the 
5 needed feedback signals but attached to the housing of 
to the electronic circuitry it is able to produce 
multi-functional feedback. 

There are numerous devices where the dynamic 
user interface described can be used. The devices in- 
10 elude, e.g. joysticks, keyboards, e-books, or practi- 
cally any device, where multi-functional feedback can 
be used. 

Figure 3 shows the acceleration and the cur- 
rent-frequency response of an exemplary electronic 

15 hand-held device. The upper graph represents the ac- 
celeration factor of the lens as a function of fre- 
quency. The bigger the acceleration value, the 
stronger the feedback to the user. The lower graph 
represents the current as a function of frequency. In 

2 0 a preferred embodiment of Figure 3, an external mass 
is attached to the vibrating element. The use of an 
external mass increases the force obtained at the 
clamp point of the piezo-bender and also improves the 
low- frequency audio bandwidth. The reason why the fre- 

25 quency area for a haptic feedback is quite low, e.g. 
200-300 Hz, is that normally a human being is not so 
sensitive to higher frequencies, e.g. with a hand. The 
peak current value is slightly higher in the resonance 
than in the immediate surroundings of the resonance 

30 frequency. The acceleration and the current values in 
Figure 3 are not necessarily real values but merely 
exemplary values . 

The resonance frequency can be made use of 
yet another way. In the manufacturing phase, the lens 

35 or the overall housing may be manufactured in such a 
way that one of the resonance frequencies of the lens 
or of the housing is in the same frequency range as 
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that of the vibrating element. Therefore, the overall 
effect of the haptic feedback is more efficient. 

It may occur that the resonance frequency 
must be individually seeked . The electronic hand-held 
5 device comprises a feature where the optimal frequency 
may be determined. This is done by determining the 
resonance frequency by producing a bursted frequency 
sweep. The force sensors can be made use of in another 
situation. The responses of the vibrating element (s) 

10 (haptic feedback) can be detected with the force sen- 
sors. With the force sensors it is possible to deter- 
mine the individual resonance frequency. When the 
measurement is made, the drive circuit is set to feed 
the obtained frequency to the vibrating element (s) . 

15 The feedback parameters can also be individu- 

ally tuned for each person using it. The main parame- 
ters that the user can control are, for example: 

• amplitude 

• the time period of the vibration 
2 0 • the vibration frequency. 

Figure 4 is a side view of a parallel type 
mass-loaded piezo-bender, according to the preferred 
embodiment of the present invention. Here, the metal 
beam 42 is placed between the piezo-ceramic layers 41 

25 and 43. The metal beam 42 extends beyond the piezo- 
ceramic layers 41 and 43 and has a mass 44 mechani- 
cally coupled to the other end of the metal beam 42. 
The mass 44 may be spot welded to the metal beam 42, 
and provides a vibratable body at one end of the can- 

30 tilever structure. The other end of the piezo-bender 
is clamped to the lens or housing 45. When an electri- 
cal driving signal is applied, for example, across the 
opposing surfaces of the piezo layers, the tip of the 
piezo-bender begins to deflect. The deflections at the 

35 resonance of the piezo-bender are significantly 
greater than without the mass because of the extension 
of the metal beam 42 beyond the piezo-ceramic layers 
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41 and 4 3 and because of the mass 44 at the end of the 
beam 42. The vibrating mass 44' and vibrating bender 
tend to impart greater impulses to the lens or housing 
45 through each vibration cycle. In the present inven- 
5 tion, the resonating vibrating elements are made use 
of in several different functions. In the prior-art 
solutions, each function requires a dedicated compo- 
nent in the implementation. Therefore, valuable space 
saving in electronic hand-held devices is accom- 

10 plished, and above all, the power consumption is mini- 
mized. This is a very important feature in electronic 
hand-held devices. 

The present invention describes also a solu- 
tion using only single component to generate feedback. 

15 This means significant space saving in the Printed 
Circuit Board (PCB) . The number of components needed 
on the PCB is reduced. The solution represented in the 
present invention is also a low-cost solution because 
of the savings in the components. 

20 The present invention describes a solution 

where feedback can be adjusted electrically. Adjusting 
the drive signal a desired feedback can be achieved. 
The adjustment can be set manually by the user or 
automatically by the device itself. The present inven- 

25 tion describes also a dynamic user interface, and an 
integrated low-cost and low power solution for produc- 
ing multi-functional feedback. 

It must be noted that the piezo-bender compo- 
nent itself is not necessarily able to generate all 

30 the feedback signals (a haptic feedback signal, a 
buzzer signal, a vibratory alert signal or an audio 
signal) described in the present invention. However, 
the situation is different when the piezo-bender is 
attached, e.g. to a lens, a certain part of a housing, 

3 5 or a PCB board. Together with the component on which 
the piezo-bender is attached, it is possible to gener- 
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ate multi-functional feedback as described in the pre- 
sent invention. 

It is obvious to a person skilled in the art 
that with the advancement of technology, the basic 
idea of the invention may be implemented in various 
ways. The invention and its embodiments are thus not 
limited to the examples described above, instead they 
may vary within the scope of the claims. 
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CLAIMS 

1. An electronic device for generating user 
detectable multi-functional feedback with a single 
component in response to a stimulus signal, said elec- 
tronic device (HD) comprising at least a housing (HS) 
and electronic circuitry located in said housing (HS) , 

characterised in that said elec- 
tronic device further comprises: 

means (IM) for detecting said stimulus signal; 

one or more resonating vibrating elements (VIB) 
attached to said housing (HS) or on said electronic 
circuitry; and 

an electrical drive circuit (DC) electrically cou- 
pled to said resonating vibrating element (s) (VIB) for 
electrically driving said resonating vibrating ele- 
ment (s) (VIB) with a drive signal, said drive signal 
being constituted based on said stimulus signal. 

2. The electronic device according to claim 
1, characterised in that the electronic de- 
vice comprises a display (DSP) and a partially trans- 
parent lens (TP) , the transparent lens area covering 
at least said display (DSP) , said resonating vibrating 
element (s) (VIB) being attached to an area of said 
lens (TP) not covering said display (DSP) . 

3 . The electronic device according to claim 1 
or 2, characterised in that said stimulus 
signal is one or more of the following signals: 

a user actuated signal; 

a radio signal received with a radio receiver (RF) 
of said electronic device; and 

an electronic device induced signal . 

4. The electronic device according to any of 
the claims 1, 2 or 3, characterised in that 
said feedback comprises one or more of the following 
signals : 

a haptic feedback signal; 
a vibratory alert signal; 
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an audio signal; and 
a buzzer signal. 

5. The electronic device according to any of 
the claims 1, 2, 3 or 4, characterised in 
that the means (IM) for detecting said stimulus signal 
comprises one or more sensors (PS) for detecting user 
input . 

6. The electronic device according to any of 
the claims 1, 2, 3', 4 or 5, characterised in 
that the electronic device comprises means (DM) for 
determining the source of said stimulus signal. 

7 . The electronic device according to any of 
the claims 1, 2, 3, 4, 5 or 6, characterised 
in that the electronic device comprises: 

means (TM) for determining the resonance frequency 
by producing a bursted frequency sweep; 

means (LM) for detecting the vibration level with 
said sensor (s) (PS) ; and 

means (OM) for feeding the obtained frequency to 
said resonating vibrating element (s) (VIB) . 

8 . The electronic device according to any of 
the claims 1, 2, 3, 4, 5, 6 or 7, character- 
ised in that said resonating vibrating element 
(VIB) is used as an acceleration sensor. 

9. The electronic device according to any of 
the claims 1, 2, 3, 4, 5, 6, 7 or 8, character- 
ised in that said resonating vibrating element 
(VIB) is a piezo-bender of a unimorph, bimorph or mul- 
tilayer structure. 

10. The electronic device according to claim 
9, characterised in that the electronic de- 
vice comprises an external mass attached to said 
piezo-bender . 

11. The electronic device according to claim 
1 or 2, characterised in that said housing 
(HS) and/or said lens (TP) is manufactured so that at 
least one of its resonating frequencies is within the 
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same frequency range as the frequency range of said 
resonating vibrating element (s) (VIB) . 

12. The electronic device according to any of 
the claims 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11, 

5 characterised in that the electronic device 
is a hand-held electronic device. 

13. A method for generating user detectable 
multi-functional feedback with a single component in 
response to an stimulus signal with an electronic de- 

10 vice, said electronic device comprising at least a 
housing and electronic circuitry located in said hous- 
ing, 

characterised in that said elec- 
tronic device comprises one or more resonating vibrat- 
15 ing elements attached to said housing or on said elec- 
tronic circuitry, the method further comprising the 
steps of : 

detecting said stimulus signal; and 
electrically driving said resonating vibrating 
20 element (s) with a drive signal with an electrical 

drive circuit electrically coupled to said resonating 
vibrating element (s), said drive signal being consti- 
tuted based on said stimulus signal. 

14. The method according to claim 13, 
25 characterised in that the electronic device 

comprises a display and a partially transparent lens, 
the transparent lens area covering at . least said dis- 
play, said resonating vibrating element (s) being at- 
tached to an area of said lens not covering said dis- 
30 play. 

15. The method according to claim 13 or 14, 
characterised in that said stimulus signal 
comprises one or more of the following signals: 

a user actuated signal ; 
35 a radio signal received with a radio receiver of 

said electronic device; and 

an electronic device induced signal. 
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16. The method according to any of the claims 
13, 14 or 15, characterised in that said 
feedback comprises one or more of the following sig- 
nals : 

5 a haptic feedback signal; 

a vibratory alert signal; 
an audio signal; and 
a buzzer signal. 

17. The method according to any of the claims 
10 13, 14, 15 or 16, characterised in that de- 
tecting user input with one or more sensors. 

18. The method according to any of the claims 
13, 14, 15, 16 or 17, characterised in that 
the method comprises the step of : 

15 determining the source of said stimulus signal. 

19. The method according to any of the claims 
13, 14, 15, 16, 17 or 18, characterised in 
that the method comprises the steps of: 

determining the resonance frequency by producing a 
2 0 bursted frequency sweep; 

detecting the vibration level with said sensor (s); 

and 

feeding the obtained frequency to said resonating 
vibrating element (s) . 
25 20. The method according to any of the claims 

13, 14, 15, 16, 17, .18 or 19, characterised 
in that using said resonating vibrating element as an 
acceleration sensor . 

21. The method according to any of the claims 
30 13, 14, 15, 16, 17, 18, 19 or 20, character- 
ised in that said resonating vibrating element is a 
piezo-bender of a unimorph, bimorph or multilayer 
structure . 

22. The method according to claim 21, 
35 characterised in that the method comprises 

the step of: 

attaching an external mass to said piezo-bender. 



21 



23. The method according to any of the claims 
13, 17, 21 or 22, characterised in that de- 
tecting said stimulus signal with said piezo-bender . 

24. The method according to claim 12 or 13, 
5 characterised in that the method comprises 

the step of : 

manufacturing said housing and/or said lens so 
that at least one of its resonance frequencies is 
within the same frequency range as the frequency range 
10 of said resonating vibrating element (s). 

25. The method according to any of the claims 
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 or 24, 
characterised in that the electronic device 
is a hand-held electronic device. 

15 26. A dynamic user interface for generating 

user detectable multi-functional feedback with a sin- 
gle component in response to a stimulus signal in a 
device, said user interface comprising at least a 
housing (HS) and electronic circuitry located in said 

20 housing (HS) , 

characterised in that said dynamic 

user interface further comprises: 

means (IM) for detecting said stimulus signal; 
one or more resonating vibrating elements (VIB) 
25 attached to said housing (HS) or on said electronic 
circuitry; and 

an electrical drive circuit (DC) electrically cou- 
pled to said resonating vibrating element (s) (VIB) for 
electrically driving said resonating vibrating ele- 
30 ment(s) (VIB) with a drive signal, said drive signal 
being constituted based on said stimulus signal. 

27. The dynamic user interface according to 
claim 26, characterised in that the device 
comprises a display (DSP) and a partially transparent 
35 lens (TP) , the transparent lens area covering at least 
said display (DSP) , said resonating vibrating ele- 



22 



ment(s) (VIB) being attached to an area of said lens 
(TP) not covering said display (DSP) . 

28. The dynamic user interface according to 
claim 26 or 27, characterised in that said 

5 stimulus signal is one or more of the following sig- 
nals : 

a user actuated signal; 

a radio signal received with a radio receiver 
(RF) ; and 
10 a device induced signal. 

29. The dynamic user interface according to 
any of the claims 26, 27 or 28, characterised 
in that said feedback comprises one or more of the • 
following signals: 

15 a haptic feedback signal; 

a vibratory alert signal; 
an audio signal; and 
a buzzer signal. 

30. The dynamic user interface according to 
20 any of the claims 26, 27, 28 or 29, character- 
ised in that the means (IM) for detecting said 
stimulus signal comprises one or more sensors (PS) for 
detecting user input. 

31. The dynamic user interface according to 
25 any of the claims 26, 27, 28, 29 or 30, charac- 
terised in that the dynamic user interface com- 
prises means (DM) for determining the source of said 
stimulus signal. 

32. The dynamic user interface according to 
30 any of the claims 26, 27, 28, 29, 30 or 31, char- 
acterised in that the dynamic user interface 
comprises : 

means (TM) for determining the resonance frequence 
by producing a bursted frequency sweep; 
35 means (LM) for detecting the vibration level with 

said sensor (s) (PS); and 
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means (OM) for feeding the obtained frequency to 
said resonating vibrating element (s) (VIB). 

33. The dynamic user interface according to 
any of the claims 26, 27, 28, 29, 30, 31 or 32, 

5 characterised in that said resonating vi- 
brating element (VIB) is used as an acceleration sen- 
sor . 

34. The dynamic user interface according to 
any of the claims 26, 27, 28, 29, 30, 31, 32 or 33, 

10 characterised in that said resonating vi- 
brating element (VIB) is a piezo-bender of a unimorph, 
bimorph or multilayer structure. 

35. The dynamic user interface according to 
claim 34, characterised in that the dynamic 

15 user interface comprises an external mass attached to 
said piezo-bender. 

36. The dynamic user interface according to 
claim 26 or 27, characterised in that said 
housing (HS) and/or lens (TP) is manufactured so that 

20 at least one of its resonating frequencies is within 
the same frequency range as the frequency range of 
said resonating vibrating element (s) (VIB). 

37. The dynamic user interface according to 
any of the claims 26, 27, 28, 29, 30, 31, 32, 33, 34, 

25 35 or 36, characterised in that the device 
is a hand-held electronic device. 



LV 



(57) ABSTRACT 

The present invention describes 
a method, a dynamic user interface and 
an electronic device for generating user 
detectable multi-functional feedback 
with a single component in response to a 
stimulus signal. In the invention, one 
or more resonating vibrating element (s), 
e.g. piezo-bender, are attached to a 
certain component of the device. A con- 
ventional electronic device comprises 
different components for generating a 
haptic feedback signal, a buzzer signal, 
a vibratory alert signal or an audio 
signal. All the above-mentioned feedback 
signals can be generated with the piezo- 
element attached to, e.g. a lens or a 
housing. This means significant decre- 
ment in the space needed and in the 
power consumption compared to the situa- 
tion, where the feedback signals are 
generated with separate components. 
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